abstract: Successful embryo implantation depends on the quality of the embryo, as well as on the receptivity of the endometrium. The aim of this study was to investigate the endometrial gene expression profile in women with unexplained infertility in comparison with fertile controls at the time of embryo implantation in order to find potential predictive markers of uterine receptivity and to identify the molecular mechanisms of infertility. High-density oligonucleotide gene arrays, comprising 44 000 gene targets, were used to define the endometrial gene expression profile in infertile (n ¼ 4) and fertile (n ¼ 5) women during the mid-secretory phase (day LH þ7). Microarray results were validated using real-time PCR. Analyses of expression data were carried out using non-parametric methods. Hierarchical clustering and principal component analysis showed a clear distinction in endometrial gene expression between infertile and fertile women. In total we identified 145 significantly (.3-fold change) up-regulated and 115 down-regulated genes in infertile women versus controls. Via Database for Annotation, Visualization and Integrated Discovery functional analysis we detected a substantial number of dysregulated genes in the endometria of infertile women, involved in cellular localization (21.1%) and transport (18.8%) and transporter activity (13.1%) and with major localization in extracellular regions (19.2%). Ingenuity Pathways Analysis of the gene list showed dysregulation of gene pathways involved in leukocyte extravasation signalling, lipid metabolism and detoxification in the endometria of infertile women. In conclusion, endometrial gene expression in women with unexplained infertility at the time of embryo implantation is markedly different from that in fertile women. These results provide new information on genes and pathways that may have functional significance as regards to endometrial receptivity and subsequent embryo implantation.
Introduction
Successful embryo implantation requires interaction between an embryo and the endometrium during a well-defined period in the secretory phase of the menstrual cycle, named the window of implantation. This embryo-maternal crosstalk is mediated by a variety of molecules produced by the endometrium and the blastocyst that participate in the implantation process (Giudice, 1999a, b) . Implantation depends both on the quality of the embryo and the receptivity of the endometrium. In fact, failure of the endometrium to establish a receptive phenotype is proposed to be a considerable cause of infertility (Boivin et al., 2007) . Furthermore, in assisted reproductive techniques, where high-quality embryos are transferred, impaired uterine receptivity is believed to be one of the major reasons behind failure of the establishment of pregnancy (Edwards, 1995; Macklon et al., 2006) .
In recent years, global gene expression analysis has been applied in several studies to identify genes and their networks associated with receptivity of the human endometrium (Carson et al., 2002; Kao et al., 2002; Borthwick et al., 2003; Riesewijk et al., 2003; Horcajadas et al., 2004; Mirkin et al., 2005; Simon et al., 2005; Talbi et al., 2006; Feroze-Zaidi et al., 2007; Haouzi et al., 2009a, b) . Each study has revealed many candidate genes, but the number of common endometrial receptivity genes distinguished is relatively small (Horcajadas et al., 2007) . Disparities between studies could arise from differences in experimental design, microarray platforms and data analysis (Haouzi et al., 2009a, b) . To our knowledge, none of the molecular markers have been successfully applied in practice, and this lack of clinical application was demonstrated also with highly promising moleculeleukemia inhibitory factor (LIF) (Brinsden et al., 2009) , and so the hunt for potentially informative markers of uterine receptivity continues.
Women with so-called unexplained infertility are obviously an attractive study group in the search for target molecules concerned with endometrial receptivity and, further, the implantation process (Aghajanova et al., 2008a, b) . As these women have no evident reason for infertility, having normal ovulatory cycles, normal hormonal profiles, no organ pathologies and there is no evidence of male factor infertility, disturbances in endometrial maturation and thus in uterine receptivity for embryo implantation could be suspected.
In addition to providing new insights into the complex process of endometrial receptivity, identification of (a) specific marker(s) of receptive endometrium could lead to improvement in the diagnosis and treatment of infertility and the promotion of targeted drug treatment of implantation-based infertility, concurrently enabling the development of more efficient contraception.
In the current study, we investigated endometrial gene expression profiles in women with unexplained infertility in comparison with fertile controls at the time of embryo implantation to find potential markers of receptive endometrium and further, to gain more knowledge of the molecular mechanisms of infertility.
Materials and Methods

Study design and tissue collection
Endometrial biopsy samples were obtained from healthy women with proven fertility (n ¼ 5) and patients with unexplained infertility (n ¼ 4). The women were not subjected to any ovarian stimulation before entering the study, the characteristics of the study groups are summarized in Table I . All fertile subjects, candidates for oocyte donation were recruited at the Instituto Valenciano de Infertilidad, Valencia, Spain and they signed an informed consent document approved by the local Ethics Committee. The patient group consisted initially of five women with unexplained infertility who attended the Department of Obstetrics and Gynaecology, Karolinska University Hospital Huddinge. One patient was excluded from the study, as the reason for the couple's infertility was later confirmed to be male factor. The Ethics Committee of Karolinska Institutet approved the study and signed informed consent was obtained from all infertile women. Unexplained infertility was diagnosed after the couple had undergone a standard set of diagnostic procedures and tests that included hormone assays, and at least two analyses of the partner's semen,
showing normal values according to WHO criteria (WHO, 1999) . All women had normal hormone levels, normal ovarian function and normal mid-secretory endometrial thickness of 9.8 + 1.2 mm (mean + SD). Additionally, the presence of pinopodes on the endometrial surface was evaluated by using scanning electron microscopy as described previously (Aghajanova et al., 2008a, b) . Further, all women showed normal tubal patency in hysterosonosalpingography and no recognizable endometriosis according to symptoms and clinical examination in transvaginal ultrasonography or diagnostic laparoscopy.
Endometrial biopsy samples were obtained from the anterior wall of the uterine cavity, without dilatation of the cervix, using a Pipelle catheter (Genetics, Namont-Achel, Belgium) during the natural mid-secretory phase -Day 7 following the surge of endogenous luteinizing hormone (day LH þ7). The detection of LH in morning urine (Donacheck ovulació n; Novalab Ibérica, S.A.L, Coslada, Madrid, Spain and Clearplan; Unipath Ltd., Bedford, UK) was used to determine the day of the LH surge (day LH þ0). Histological evaluation of the samples showed normal maturation in relation to the cycle day, according to the criteria described by Noyes et al. (1975) .
Total RNA isolation
For microarray and real-time PCR analysis, total RNA was extracted from the endometrial biopsy samples by using an RNeasy Mini-kit (Qiagen, Venlo, the Netherlands) or the 'TRIzol method' according to the protocol recommended by the manufacturer (Life Technologies, Inc., Gaithersburg, MD, USA). The quality of the RNA was assessed by loading 300 ng of total RNA onto an RNA Labchip (Agilent Technologies, Waldbronn, Germany), followed by analysis (A2100 Bioanalyzer; Agilent Technologies). An RNA integrity value (RIN) of .7.0 was considered acceptable.
Microarray analysis
Microarray analysis was performed using the Whole Human Genome Oligo Microarray (Agilent Technologies), encompassing more than 44 000 human DNA probes. The full list of cDNAs is available online (www.agilent.com). Protocols for sample preparation and hybridization of the endometrial samples were adaptations of those in the Agilent Technical Manual. In short, first strand cDNA was transcribed from 300 ng of total RNA using T7-Oligo(dT) Promoter Primer. Samples were transcribed in vitro and Cy-3-labelled by using a Quick-AMP labelling kit (Agilent Technologies). The synthesis yielded 10 -15 mg of cRNA. Following a further clean-up round (Qiagen), cRNA was fragmented into pieces ranging from 35 to 200 bases in size, and confirmed using Agilent 2100 Bioanalyzer technology. Fragmented cRNA samples (1.65 mg) were hybridized onto chips by means of 17 h of incubation at 658C with constant rotation, followed by a two-step microarray wash of 1 min in two washing buffers (Agilent Technologies). Hybridized microarrays were scanned in an Axon 4100A scanner (Molecular Devices, Sunnyvale, CA, USA).
Array data analyses
Pre-processing GenePix Pro 6.0 software (Molecular Devices) was used for microarray image analysis and the calculation of spot intensities. Replicates according to gene symbol were merged using the average of the hybridization values. The mean of the spot subtracted by the median of the background was used for normalizing the data. In order to remove all the possible sources of variation of a non-biological origin between arrays, densitometry values between arrays were normalized using the quantile normalization function. Endometrial gene expression profile in infertile women
Differential gene expression
Data analyses were performed by using the R-statistical software system (Free Software Foundation, Boston, MA, USA). Gene expression profiles were determined by comparing the patient and control groups (2 by 2 comparisons) with non-parametric tests and two criteria were used to define the genes that had altered mRNA abundance among the different sample sets: an absolute fold change (Fc) .3.0 and a proportion of false positives (PFP) ,0.05. The latter is used to control errors in multiple tests, where it effectively controls the accumulation of false-positives relative to the total number of positive results (Fernando et al., 2004) . Statistically significant differences between groups were identified using the rank product non-parametric test implemented in the Bioconductor RankProd package. Applying a Student's t-test with such a limited amount of samples (five and four, respectively, in each group) is very problematic because the obtained statistical significance is not robust; in this situation the mean and the standard deviation could be easily biased by outliers; thus we have carried out a non-parametric statistical test as a rough filter to narrow down the list of most relevant genes. Moreover, the rank product approach includes a multiple hypothesis test for raw P-value correction (here named PFP correction) to ascertain a false positive rate similar to false discovery rate (FDR) correction. FDR of ,5.0 (%) was considered statistically significant.
Sample clustering and principal component analysis
In order to validate the above gene selection with a non-parametric method, a hierarchical clustering and a principal component analysis (PCA) were performed with the 260 previously selected probes (the differentially expressed genes). The data were Z-normalized by gene and the Euclidean distance was chosen as the similarity measure to cluster expression profiles of different groups. The method used to perform the linkage was a complete-linkage hierarchical clustering algorithm.
Then, the data table of rows (genes) and columns (endometrial samples) was transposed and PCA was run to reduce the number of variables to three principal components. A three-dimensional scatter plot was produced in order to visualize the differences between the sample sets based on each sample's gene expression profile. The method used to calculate the distance was the covariance and the number of probes was the 260 differentially expressed genes.
These analysis were performed using MeV 4.2.02 software (http:// www.tm4.org) (Saeed et al., 2003) .
Functional analyses of the results
Functional analysis of dysregulated genes was explored by using the Database for Annotation, Visualization and Integrated Discovery (DAVID) (Dennis et al., 2003) , a gene set-based algorithm that detects functionally related genes in lists of genes ordered according to differential expression. DAVID can search blocks of functionally related genes according to different criteria such as the Gene Ontology terms biological process, cellular component and molecular function. A FDR of ,5.0 was considered statistically significant.
In addition, the functional analyses, canonical pathways and networks of dysregulated genes were analysed through the use of Ingenuity Pathways Analysis (IPA) (Ingenuityw Systems, www.ingenuity.com).
Microarray validation by real-time PCR
Total RNA (300 ng) was reverse-transcribed using an Advantage RT-for-PCR kit (Clontech, Palo Alto, CA, USA) in the same samples that were analysed with microarray. Each sample was diluted to a final volume of 12.5 ml in diethylpyrocarbonate (DEPC)-treated water, and 1 ml oligo (18-dT) was added, heated at 708C for 2 min, and kept on ice until 6.5 ml mastermix -4 ml 5Â reaction buffer, 1 ml dNTP mix of 10 mmol each, 0.5 ml recombinant RNase Inhibitor and 1 ml MMLV (Moloney-Murine Leukaemia Virus) reverse transcriptase was added. Once all components were mixed, the reaction was incubated at 428C for 1 h, and heated at 94 8C for 5 min to stop cDNA synthesis and destroy DNase activity. The products were diluted to a final volume of 100 ml in DEPC-treated water.
The genes MMP26, HABP2, HBA, S100A8 and IGFBP1 were used for microarray validation. Forward and reverse primer pair sequences for each gene were (5 0 -3 0 ): ACAGCTCCTGCAACAATTCC and TGTCTGCATCTCCATTCTGCA for MMP26, AGGAAGAGAACAC CAGTAGCA and TAGTAGGGAGGACTCTGGGTA for HABP2, GCACGCTGGCGAGTATGG and AGGTCGAAGTGCGGGAAGTA for HBA, TGAAGAAATTGCTAGAGAC and CTTTATCACCAGAA TGAGGA for S100A8, CACGGAGATAACTGAGGAGGA and CTTGTTGCAGTTTGGCAGGTA for IGFBP1, and CCCATCAC CATCTTCCAGGA and CATCGCCCCACTTGATTTTG for control GAPDH gene. Real-time PCR was performed using a LightCycler FastStart DNA Master SYBR Green I kit (Roche Diagnostics, Mannheim, Germany) according to the manufacturer's instructions on a Roche LightCycler platform (Roche, Gö ttingen, Germany). We employed 100 ng of cDNA for each sample analysed. A calibration curve was included in each experiment with five serial dilutions. The final products were analysed by using the provided software (Roche Molecular Biochemicals LightCycler Software v3.5). Data are presented as the ratios between expressions of the genes of interest versus that of the human GAPDH gene. Melting curves were analysed to confirm amplification specificity. The analysis of gene expression differences between the study groups was analysed using Mann-Whitney U-test. P-value of ,0.05 was considered statistically significant.
Results
Sample clustering
PCA allows the projection of high dimensional data onto a lower dimensional span. When PCA is applied to data, samples with similar trends in their gene expression profiles tend to cluster close together in the plot. In the current study, the gene expression profiles showed clear distinction between infertile and fertile women (Fig. 1) . In addition, hierarchical clustering was applied to the microarray gene expression profiles, showing a similar pattern -the study groups clustered into two different groups: infertile and fertile women (Fig. 2) .
Differential gene expression between infertile and fertile women
Our primary microarray data are available in the public database Gene Expression Omnibus (GEO) repository (accession number GSE16532). We identified a total of 145 significantly up-regulated and 115 down-regulated genes in the endometria of infertile women versus controls. Supplementary data, Tables SI and SII show the lists of dysregulated genes, their molecular function and presence in the endometrial database (www.endometrialdatabase.com/edb/). Our microarray data showed broader diversity of genes that were up-regulated (145 genes with maximal Fc of 89.4) compared with those that were down-regulated (115 genes with maximal Fc of 28.0). Genes involved in immune responses, signal transduction, binding, transport, lipid metabolism and extracellular matrix components, among other functions, showed elevated expression levels among infertile women. Among the up-regulated genes, 24% have an unknown function. Down-regulated genes included genes encoding transmembrane receptors, transcription factors and proteins involved in lipid metabolism and transmembrane transport, among others. More than 38% of the down-regulated genes in the list have an unknown function.
Functional analysis of dysregulated (up-and down-regulated) genes using the DAVID database revealed that 21.1% of the aberrantly expressed genes in infertile versus fertile women were involved in localization and 18.8% of the genes were involved in transport (Table II) . In addition, a significant proportion of the genes were involved in ion transport (9.9%), defence responses (7.5%), digestion (2.8%) and metabolic processes of multicellular organisms (2.3%) (Table II) . A significant number of dysregulated genes were located in extracellular regions (19.2%), regions integral to the plasma membrane (11.7%) and in the extracellular matrix (5.6%). As regards molecular functions, many genes were involved in transporter activity (13.1%), and especially transmembrane transporter activity (9.9%) (Table II) .
When investigating different biological pathways using IPA, we found that aberrant endometrial gene expression could influence pathways involved in leukocyte extravasation signalling, lipid metabolism, and detoxification (Table III) Endometrial gene expression profile in infertile women activated protein kinase (ERKs, P38MAPK, Jnk) complexes, where different genes such as those for ADRBs, metalloproteinases, IGFBP1 and others seem to play important roles (Fig. 3) .
Microarray validation
The results of previous studies have shown that various validation analyses confirm the array data obtained. Nevertheless, we used real-time PCR for validating microarray results concerning selected up-and down-regulated genes. Real-time PCRs using genes MMP26, HABP2, HBA, S100A8 and IGFBP1 confirmed the array results: MMP26, HBA and S100A8 were significantly up-regulated, although HABP2 and IGFBP1 were significantly down-regulated in infertile versus fertile women (Fig. 4) .
Pinopodes in the endometria of infertile women
The presence of pinopodes on the endometrial surface was detected, though the numbers of pinopodes were very low and the majority of the surface showed no pinopode development on the endometrium (Fig. 5 ).
Discussion
Herein, we demonstrate that the endometrial gene expression pattern at the time of embryo implantation in women with unexplained infertility is different from that in fertile women.
Receptive endometrium is crucial for blastocyst attachment and implantation, processes in which both structural and functional changes take place. Many molecules have been identified as being important for these processes, such as integrins and their ligands (e.g. osteopontin), mucins, growth factors (HB-EGF), cytokines (LIF, leptin, IL-1, IL-11), homeobox transcription factors (HOXA gene products), lipids and other molecules (Aghajanova et al., 2008a, b) .
In a search for endometrial receptivity markers, previous studies have focused on comparing the gene expression profile of normal endometrium in different time-points of the menstrual cycle (Carson et al., 2002; Kao et al., 2002; Borthwick et al., 2003; Riesewijk et al., 2003; Horcajadas et al., 2004; Mirkin et al., 2005; Talbi et al., 2006) . Therefore our approach of microarray analysis in women with no obvious reason for their infertility in comparison to fertile women at the time of embryo implantation could confirm/identify new markers. The results of the first and as yet only endometrial gene expression study published concerning women with unexplained infertility suggest an important role of one particular protein kinase, serumand glucocorticoid-regulated kinase 1 (SGK1), in early pregnancy events (Feroze-Zaidi et al., 2007) . We did not detect a significant difference in SGK1 expression in the current study. One reason for such disparity could be the difference in timing of endometrial biopsy samples. We obtained endometrial samples from all our study subjects on cycle day LH þ7, while endometrial biopsy samples in the study carried out by Feroze-Zaidi et al. (2007) were collected between days LH þ5 to LH þ10. Although the window of implantation is believed to be restricted to cycle Days 20 -24 (i.e. LH þ6 to LH þ10) (Kao et al., 2002) , the timing of endometrial biopsy sampling, even within the implantation window, has been shown to be critical as regards variation between samples (Mirkin et al., 2005) .
In our study, we detected several potential target molecules that were dysregulated in infertile versus fertile women. These included mucins (MUC4, MUC5B), the mucin-associated peptide TFF3, metalloproteinases (MMP8, MMP10, MMP26), cytokines and chemokines (SCBG3A1, FAM3D, FAM3B, CCR7, CXCL6, IL21, CMTM5), integrins (ITGA8, the integrin-binding protein COL16A1), immunomodulators, lipids and others. Of special interest are the molecules that participate in the attachment of an embryo to the maternal endometrial epithelium, such as adhesion molecules and extracellular matrix-degrading metalloproteinases. Remarkably, a significant number of dysregulated genes in the endometria of infertile women were located in extracellular regions -in the extracellular matrix and integral to the plasma membrane, as revealed by functional analysis using DAVID.
Progesterone and estrogen induce endometrial cells to proliferate, differentiate and secrete molecules that prepare the uterus to accommodate the embryo (Carson et al., 2000) . Indeed, several genes, such as CAPN6, HBA1, HBG1, IGFBP1, S100A2, WISP2 and MUC4, that we found to be dysregulated in the endometria of infertile women have been shown to be regulated by estradiol and progesterone in explant cultures of late proliferative phase human endometrium . In addition, we detected significantly lower levels of estrogen receptor beta (ERb) transcripts in infertile women. Disturbances in the expression of estrogen receptors (ERs) are thought to be associated with abnormal endometrial development (Forman et al., 1989; Noci et al., 1997 Linoleic acid metabolism CYP3A4#, CYP4X1", CYP4F12", WISP2"
Glycosphingolipid biosynthesis -neolactoseries ABO", FUT9#
PXR/RXR activation CYP3A4#, NR1I2#, IGFBP1#
Arachidonic acid metabolism CYP3A4#, CYP4X1", CYP4F12", WISP2"
Metabolism of xenobiotics by cytochrome P450 CYP3A4#, CYP4X1", B3GAT1", CYP4F12"
The arrows indicate up-(") and down-(#) regulation of the gene. (Critchley et al., 2001) , indicating that disturbances in ERb expression levels could influence spatio-temporal endometrial maturation, where blood vessels have to develop to supply the growing tissue with nutrients and oxygen . Expression of MUC1, MUC4 and MUC16 in the uterus has been shown to be negatively involved in implantation and the products of these genes are some of the first molecules that the embryo faces on its route to attachment (McNeer et al., 1998; Achache and Revel, 2006; Gipson et al., 2008) . Among our infertile women we detected up-regulation of MUC4 and MUC5B. Down-regulation of MUC4 and MUC5B in normal secretory endometrium compared with proliferative endometrium has been reported previously (Borthwick et al., 2003; Alameda et al., 2007) . It could be suspected that higher than normal concentrations of several mucins could hamper the implantation process. MUC4, for instance, is up-regulated during endometrial neoplastic transformation, where proliferation of glands of irregular size and shape, with an increase in the gland/stroma ratio compared with proliferative endometrium is characteristic (Alameda et al., 2007) . Figure 3 A network of the molecular relationships between differently expressed genes (infertile versus fertile women) revealed by using the Ingenuity Pathways Knowledge Base. Detailed information about the figure symbols can be found at www.ingenuity.com. The intensity of the node colour indicates the degree of up-(red) or down-(green) regulation. A white node represents a gene that is not part of our dataset, but is incorporated into the network through relationships with other genes. Nodes are displayed using various shapes that represent the functional class of the gene product. A biological relationship between two nodes is represented as a line.
Endometrial gene expression profile in infertile women
Another interesting finding in the search for endometrial receptivity markers was reduction in insulin-like growth factor binding protein-1 (IGFBP1) transcript levels. IGFBP1 is the predominant IGFBP synthesized by the decidual cells, and is an established biomarker of decidualization of endometrial stroma. It is believed to affect the implantation process by regulating IGF actions in endometrial cells, and cellular proliferation and differentiation required for decidualization and maintenance of early pregnancy (Giudice, 1999a, b; Fazleabas et al., 1999; Talbi et al., 2006; Aghajanova et al., 2009) . Major intrauterine secretion of IGFBP1 occurs around 10 days after the beginning of the LH peak, coinciding with closure of the implantation window (Licht et al., 2002) . In our study, IGFBP1 was significantly downregulated in the endometria of infertile women, indicating impaired decidualization/endometrial maturation and preparation for embryo implantation.
Surprisingly, several molecules with an established role in endometrial receptivity and the embryo implantation process (LIF, HOXA10, L-selectin, HB-EGF and others) did not pass our foldchange threshold. As endometrial tissue biopsy samples contain several cell populations and can differ in their complement, interpretation of mass array data is complex and more difficult by the different cell types present. For instance, as a particular gene may be highly up-regulated in one cell type, it may be down-regulated in another, and the sum of that may result in no detected overall change (Carson et al., 2002) . Nevertheless, as concluded previously, the complexity of changes resulting in a receptive state of the endometrium can still be studied by analysing the changes at the level of the whole genome (Aghajanova et al., 2008a, b) .
Our finding of a leukocyte extravasation signalling pathway being significantly dysregulated in mid-secretory endometria of infertile women is intriguing, as a clear parallelism between the different steps in human embryo implantation and leukocyte extravasation has been demonstrated (Genbacev et al., 2003; Dominguez et al., 2005) . In addition, a very recent study on the transcription profile of receptive endometrium after controlled ovarian stimulation (COS) revealed a defective leukocyte transendothelial migration pathway (Haouzi et al., 2009a, b) . In our study, dysregulated genes such as MMP8, MMP10, MMP26, catenin (CTNNA2), actin (ACTA1) and protein kinase C (PRKCG) were involved in leukocyte extravasation signalling. Matrix metalloproteinases (MMPs) are involved in remodelling and were present on the endometrial surface in infertile women. C -for comparison, a control endometrial surface (fertile woman; LH þ7) is included; pinopodes are observed (Aghajanova et al., 2008a, b) .
breakdown of the extracellular matrix, one of the key processes in implantation. The roles of several MMPs during implantation have been reported (Osteen et al., 1999; Kao et al., 2002) and recently a role of MMP26 in endometrial receptivity was suggested (Qiao et al., 2008) . PRKCG phosphorylates a variety of protein targets and in addition to leukocyte transendothelial migration it is associated with diverse cellular signalling pathways involving focal adhesion, gap junctions, tight junctions and calcium signalling, among others. ACTA1 is a structural component of the cytoskeleton, functioning in cell structure and integrity. CTNNA2 is also a structural molecule, involved in calcium-dependent cell-to-cell adhesion mechanisms and it has a role in leukocyte transendothelial migration.
Remarkably, CTNNA2 has recently been proposed to be a target gene as regards endometrial receptivity (Horcajadas et al., 2007) . In a review summarizing different studies on endometrial gene expression profiles in natural cycles and subfertile and refractory conditions, a list of genes was proposed that could be relevant to endometrial receptivity (Horcajadas et al., 2007) . We detected dysregulation of some additional genes in their list of 25 target genes in women with unexplained infertility, such as calpain 6 (CAPN6) and hyaluronan-binding protein 2 (HABP2). Interestingly, the expression profiles of these genes in infertile women differed from those in fertile controls and were similar to those in women undergoing COS and in women using intrauterine device. CAPN6 is a calciumdependent intracellular protease, the physiological function of which is unclear. However, calpains have been suggested to function in cell migration through alteration of the architecture of cell adhesion and the cytoskeleton and via intracellular signalling pathways (Perrin and Huttenlocher, 2002) . HABP2 binds hyaluronic acid, which is a component of the extracellular matrix, where it attracts water and makes the tissue expand, which is needed for loosening of the tissue, ready for blastocyst implantation (Psychoyos et al., 1995) . Furthermore, TNFAIP6, another hyaluronic acid-binding protein, was down-regulated in our group of infertile women.
We identified several aspects of lipid metabolism that were affected by dysregulated genes, such as linoleic acid metabolism, arachidonic acid metabolism and glycosphingolipid biosynthesis. Several of the genes involved are believed to be important for embryo implantation (Boone et al., 1993; Kao et al., 2002) . It is worthwhile mentioning that we detected up-regulation of genes involved in Wnt signalling (WISP2, WNT3A, CXXC4 and PRKCG) in infertile women, in agreement with previous reports (Carson et al., 2002; Kao et al., 2002; Borthwick et al., 2003) . Wnt signalling has recently drawn increased attention as regards peri-implantation events (Chen et al., 2009; Koler et al., 2009) .
Another interesting finding among infertile women was the up-regulation of several genes (9/145) involved in immune responses, whereas none were down-regulated. In addition, the single-molecule functional analysis approach (DAVID) showed 7.5% of the dysregulated genes to be involved in defence responses. The mid-secretory phase of the menstrual cycle is characterized by up-regulation of genes involved in immune responses, like detoxification mechanisms (Giudice, 2006) . However, aberrant regulation of the immune balance could lead to infertility problems. Our analysis revealed that a number of dysregulated molecules are involved in detoxification processes, such as pregnane X receptor/retinoid X receptor (PXR/RXR) activation and metabolism of xenobiotics by cytochrome P450. For example, environmental estrogens are xenobiotics that have been shown to mimic or antagonize the vascular effects of estradiol, thereby inducing abnormalities in vascular function and structure, leading to reproductive disorders such as pre-eclampsia, endometriosis, impaired follicular development, inefficient implantation and infertility (Dubeyl et al., 2000) . Cytochrome P450 enzymes are known to catalyse oxidative metabolism of a wide range of chemical compounds.
The weakness of our study is the small number of women recruited. However, almost all previous studies of this nature have analysed similar number of endometrial samples (Carson et al., 2002; Kao et al., 2002; Borthwick et al., 2003; Riesewijk et al., 2003; Horcajadas et al., 2004; Mirkin et al., 2005; Talbi et al., 2006; Feroze-Zaidi et al., 2007) . Further, women with an unknown reason for their infertility are in general a heterogeneous group. However, all infertile women in our study demonstrated aberrant endometrial maturation when investigated by means of scanning electron microscopy, indicating altered endometrial receptivity (Fig. 5) . Pinopode development in these women was reduced or absent. Pinopodes are ectoplasmic protrusions of endometrial epithelial cells and have been suggested to be markers of receptive endometrium (Nikas, 1999; Aghajanova et al., 2003) , although opposite views exist (Quinn and Casper, 2009) . Taking into consideration the limitations of our study, we applied stringent data analysis, with a cut-off point of more than a 3-fold change.
Although several molecules and pathways have been proposed to be involved in successful implantation, no marker has been identified to date that is specific and sensitive in identification of receptive endometrium and predicting implantation. Our study provides new information on several genes and pathways that may have functional significance as regards the initiation and maintenance of the window of receptivity, and embryo implantation. The data obtained, together with those from previous studies, can be used to establish a background for future assessment of gene expression and protein profiling of the human endometrium that may lead to the diagnosis of more specific aetiologies in cases of recurrent implantation failure.
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